I. INTRODUCTION
EIA observed that the increasing rate of consumption of fossil fuels to fulfill industrial, commercial and domestic power requirement. More than 38% (6629 trillion BTU) and 8% (5149 trillion BTU) of the power generated in the world is consumed by the petroleum and chemical industry in US. The negative impact on the environment is in the form of higher amount of pollutants & toxic emissions, which are released into the atmosphere. It is estimated that over the next century this high rate of consumption will be majorly responsible for the emission of CO2 and other gases that cause global warming through greenhouse effect. It is, therefore, now the responsibility of every country in the world to improve the quality of their sources of energy in order to reduce CO2 emission and oil dependency [1] . The utilization of dumped heat (waste heat) into atmosphere from power plants, industry like glass, cement, textile, etc by method of heat recovery coupled with Organic Rankine Cycle (ORC) based renewable energy conversion system for combined effect of cooling-heating and power. The ORC applies the principle of the steam Rankine cycle but uses an organic working fluid, with low boiling point, instead of steam to recover heat from a lower temperature source. ORC is a capable technology for the conversion of these low temperature sources to power [2] - [5] . The energy recovery from low grade heat sources for work or for production of electricity is possible in ORC because of the use of an Published on June 16, 2017. K. K. Dubey is associated with the Dept of Mechanical Engg, School of Engg & Technology,Sharda University,GreaterNoida,State-UP,India, and research fellow of Delhi Technological University, Delhi, India (e-mail: dubey.kaushalendra@gmail.com).
Dr R.S. Mishra is with Dept of Mechanical Engineering, Delhi Technological University, Delhi, India (e-mail: professor_rsmishra@yahoo.co.in) organic fluid. Thus, one of the main factors of research identified with relation to this issue is the selection of a suitable working fluid since it has a great influence on the thermodynamic analysis and process [6] - [10] . The selection of organic working fluid is depending on the application, the heat source and the range of temperature for the application, working fluid has optimum thermodynamic properties at the lowest possible temperatures and pressures. It must also satisfy several other criteria such as being economic, nontoxic, non-flammable and environmentally friendly, thus, allowing high utilization of the energy available from the heat sources. Riccardo Vesocove survey demonstrated waste heat recovery by using ORC in cement, glass and steel industry as shown in Table I .
II. R134A-ISENTROPIC FLUID FOR HEAT RECOVERY APPLICATION
For heat recovery applications, a group of isentropic type fluid R 134a is applied in ORC system. In ORC, superheating is not necessary while applying isentropic fluids because its expansion would not cause any wet fluid problem. Some fluids likeR-141b, R-123, R-21, R-245ca, R245fa, R-236ea and R-142b etc, have critical temperature above 400 K, resulting to be used only in supercritical cycle for low grade heat sources [9] . R134a is belongs from Group-A1 of ASHRAE, that means nontoxic and nonflammable fluid with zero Ozone Depletion Potential (ODP) value. R134a have wide variety of turbo-machines, heat exchangers. Thermo-physical properties of R134a has a high molecular mass (chemical expression; CF3CH2F), 102kg/kmol. It has a temperature and critical pressure of 101.1ºC and 40.6 bar, respectively, and allowing it to operates at a higher pressure than atmospheric pressure at condenser part, which prevents any air leakage. Several articles have reported the application and implementation of ORC with R134a as the working fluid. The other fluids such as benzene, ammonia, R134a, R113, R11 and R12 was studied for ORC [8] , [9] , [11] . The parametric optimization of a regenerative ORC using R12, R123, R134a, and R717 as working fluids exposed that R123 as working fluid performs to be a good system for converting low-grade waste heat to power. A low temperature (35-70 0 C) solar integrated Organic Rankine Cycle system built with R134a for reverse osmosis desalination in Greece. The similar results of thermal efficiencies 4-7% was achieved as previous analysis of desalination systems [12] - [23] . Simulation based study of two stage ORC available for desalination of an upper ORC coupled with a lower ORC with R134a as the working fluid obtained an efficiency of 4.2% and a global efficiency of 3%. Furthermore, other cycles with R134a as the working fluid for applications in geothermal sources and in bottoming cycles with internal combustion engine have been reported [24] - [27] . A thermodynamic inspection of 31 pure component working fluids for organic Rankine cycle has shown an efficiency of 7.7% being achieved in cycles that operate with R134a at temperature of 100.0ºC and another fluids were studied and it was reported that R134a is the most suitable [4] , [6] . The thermodynamic modeling of ORC based micro CHP discussed efficiency, water flow rate and achievable electricity production rate [28] . Thermodynamic evaluation of basic ORC with arrangement of internal heat exchanger examined by Fredy Vélez et al estimated to be 11-14% of maximum efficiency at conditions of saturation and overheating of working fluid, and also conclude the effect of pressure ratio and overheating of fluid in performance of system [33] . Other works that have analyzed the use of R134a as working fluid in ORC for low grade heat recovery. There is a great interest in the use of this fluid for generation of energy in systems with heat input temperature below 150ºC [29] - [32] . However, we noticed in the literature about the best thermodynamic conditions for its use and a gradual impact has been observed working with R134a fluid at superheated conditions. In the influence of the source of energy on the performance of the system as well as on the net specific work output derived from the system. The T-S and T-h property of R-134a is shown in Fig. 1 and 2 . Fig. 3 clearly explains all the systems included in the proposed model. It consists of a refrigerant storage from which the refrigerant is introduced into the system in form of superheated vapour. Any makeup of refrigerant, if required, during the working of the system is also obtained from the refrigerant tank. The outlet of the refrigeration tank is provided with a two-way flow control valve to regulate the mass flow rate of the superheated refrigerant vapour into the Organic Rankine Cycle. The superheated refrigerant vapour then enters the condenser heat exchanger, which enables condenser heat to be recovered. Here the condenser heat is transferred to the refrigerant and at the ORC outlet of the condenser heat exchanger, superheated refrigerant vapour, in supercritical condition, is obtained which then passes through expander 1. Expander 1 is coupled to a generator, which as a result of the work done in expander 1 produces electric power. The superheated refrigerant vapour obtained from the outlet of expander 1 is at a lower temperature and enters into HE 1 as the hot fluid. Air having ambient temperature is used as the cold fluid in HE 1. A two-way flow control valve is provided at the air inlet of HE 1 to regulate the mass flow rate of air into it. Heat, which is rejected from the superheated refrigerant vapour, is added to the air in HE 1. The hot air obtained at the outlet of HE 1 is sent to fulfill industrial process heat requirement. A tapping is provided from the air outlet of HE 1 for extracting hot air to reheat the superheated refrigerant vapour later in HE 3, if required. A three-way flow control valve is provided at the tapping junction of the air outlet of HE 1 to regulate the mass flow rate of the hot air being extracted, for reheating, from that going for industrial heating process. The superheated refrigerant vapour obtained from the ORC outlet of HE 1 then passes through the throttle where its pressure and temperature are drastically dropped. The superheated refrigerant vapour then passes through HE 2. Air having ambient temperature is used as the hot fluid in HE 2. A two-way flow control valve is provided at the air inlet of heat HE 2 to regulate the mass flow rate of air into it. Heat, which is rejected from the air, is added to the superheated refrigerant vapour in the heat exchanger. The cold air obtained at the air outlet of HE 1 is sent for space cooling or chilling. The superheated refrigerant vapour obtained at the ORC outlet of HE 2, at a higher temperature, passes through HE 3. The mixture of hot air extracted from the outlet of HE 1 and HE 4 is used as the hot fluid in HE 3. A three-way flow control valve is provided at the junction of the two extraction lines to regulate the mass flow rate of the hot air from HE 1 and HE 4 going into the mixture. Heat is rejected from the hot air and added to the superheated refrigerant vapour in the heat exchanger. The cooled air is released into the atmosphere from the outlet of HE 3. A bypass line is provided across the solar heat exchanger to bypass it in case of the condition of the solar heater and the solar heat exchanger not being in use. Another bypass line is provided bypassing expander 2 and HE 4 in case of the same. A three-way flow control valve is provided at the inlet of the solar heat exchanger bypass line to enable or disable solar heat exchanger bypass. Another three-way flow control valve is provided at the outlet of the solar heat exchanger bypass line to prevent the back flow of the superheated refrigerant vapour, coming out of the solar heat exchanger, into the bypass line of solar heat exchanger, in case the solar heat exchanger is in use, or to prevent the flow of the superheated refrigerant vapour into the outlet line of the solar heat exchanger, in case the solar heat exchanger is not in use. A three-way flow control valve is provided at the inlet of the expander 2 -HE 4 bypass line to bypass these systems when solar heat exchanger is not in use. Another three-way flow control valve is provided at the outlet of the expander 2-HE 4 bypass line to prevent the flow of the superheated refrigerant vapour, coming out of HE 4, into the expander 2 -HE 4 bypass line, in case the solar heat exchanger is in use, or to prevent the back flow of the superheated refrigerant vapour into the outlet line of HE 4, in case the solar heat exchanger is not in use. The designed model operates with solar and without solar thermal integration. Schematic of the proposed model for combined cooling, heating and power generation by condenser heat recovery has been made using the software AUTOCAD 2016 and all points have described in Table III . 
V. THERMODYNAMIC ANALYSIS OF PROPOSED MODEL
The steam from the outlet of low pressure turbine of the Rankine cycle enters the condenser at temperature T1, having mass flow rate ṁ1, enthalpy h1 and temperature T1. Condensed water leaves the condenser at temperature T2 having mass flow rate ṁ2 (= ṁ1) and enthalpy h2. Knowing the values of the above parameters, and taking the specific heat capacity of the saturated steam as Cpsteam, the heat rejection by the steam in the condenser heat exchanger is calculated using heat balance equation
Taking the latent heat rejected by the steam in the condenser heat exchanger as QLH and the condenser heat loss 15%, the total heat available to the refrigerant vapour is calculated from:
Superheated refrigerant (R 134a) vapour from the refrigerant storage is introduced into the system at a known temperature Ti for the startup cycle. In all operation cycle the refrigerant vapour enters the condenser heat exchanger at temperature T11. Knowing the value of the specific heat capacity, Cp1, of the superheated refrigerant vapour at the inlet of the condenser heat exchanger and taking different values for mass flow rate, ṁref, of the same, ORC outlet temperature, T3, of the superheated refrigerant vapour is calculated using heat balance equation:
The mass flow rate, ṁref, of the superheated refrigerant vapour is optimised from the data generated.
Superheated refrigerant vapour leaves the condenser heat exchanger and enters expander 1 at temperature T3, having mass flow rate ṁrefand specific heat capacity Cp2. It leaves expander 1 at temperature T4, having mass flow rate ṁrefand specific heat capacity Cp3. Knowing the value of the specific heat capacity, Cp2 and taking different values for efficiency of expander 1 (ɳE1), T4 and the work done by expander 1 (WE1) is calculated using the equations: ɳE1 = WE1 / QTotal (4) Where; WE1 = ṁref Cp2 (T3 -T4) ( 
5)
Superheated refrigerant vapour leaves expander 1 and enters heat exchanger 1 as the hot fluid at temperature T4 and having mass flow rate ṁref and specific heat capacity Cp3. It leaves heat exchanger 1 at temperature T5, having mass flow rate ṁref and specific heat capacity Cp4. Air enters heat exchanger 1 as the cold fluid at temperature TAHE1in, having mass flow rate ṁAHE1in and specific heat capacity CpAIR. It leaves heat exchanger 1 at temperature TAHE1out and having mass flow rate ṁAHE1out (= ṁAHE1in). The values of T4, ṁref, Cp3 and CpAIR are known. TAHE1in is taken as 288.15 K as per standard atmosphere data. Taking the heat exchanger heat loss as 15%, T5, TAHE1out and heat available in heat exchanger 1 (QHE1) for different values of mass flow rate, ṁAHE1in, are calculated using heat balance equation:
(6) QHE1 = ṁAHE1in CpAIR (TAHE1out -TAHE1in) ( 
7)
The mass flow rate ṁAHE1in of the air entering heat exchanger 1 is optimised from the data generated.
Superheated refrigerant vapour leaves heat exchanger 1 and enters the throttle at temperature T5 and having mass flow rate ṁref. It leaves the throttle at temperature T6 and having mass flow rate ṁref. The value of T6 is optimised based on the properties of the throttle.
Superheated refrigerant vapour leaves the throttle and enters heat exchanger 2 as the cold fluid at temperature T6, having mass flow rate ṁref and specific heat capacity Cp5. It leaves heat exchanger 2 at temperature T7, having mass flow rate ṁref and specific heat capacity Cp6. Air enters heat exchanger 2 as the hot fluid at temperature TAHE2in, having mass flow rate ṁAHE2in and specific heat capacity CpAIR. It leaves heat exchanger 2 at temperature TAHE2out and having mass flow rate ṁAHE2out (=ṁAHE2in). The values of T6, ṁref, Cp5 and CpAIR are known. TAHE2in is taken as 288.15 K as per standard atmosphere data. Taking the heat exchanger heat loss as 15%, T7, TAHE2out and heat available in heat exchanger 2 (QHE2) for different values of mass flow rate of air (ṁAHE2in) are calculated using heat balance equation: 
The mass flow rate ṁAHE2in of the air entering heat exchanger 2 is optimised from the data generated.
Superheated refrigerant vapour leaves heat exchanger 2 and enters heat exchanger 3 as the cold fluid at temperature T7, having mass flow rate ṁref and specific heat capacity Cp6. It leaves heat exchanger 3 at temperature T8, having mass flow rate ṁref and specific heat capacity Cp7. Air enters heat exchanger 3 as the hot fluid at temperature TAHE3in, having mass flow rate ṁAHE3in and specific heat capacity CpAIR2. It leaves heat exchanger 3 at temperature TAHE3out and having mass flow rate ṁAHE3out (= ṁAHE3in). ṁAHE3in is calculated using heat balance equation: ṁAHE3in = ṁAHE3in1 + ṁAHE3in2 (10) The values of T7, ṁref, Cp6 and CpAIR2 are known. TAHE3in is calculated using the equation ṁAHE3in1 CpAIR (TAHE3in1-TAHE3in) = ṁAHE3in2 CpAIR (TAHE3in -TAHE3in2) (11) Taking the heat exchanger heat loss as 15%, T8, TAHE3out and heat available in heat exchanger 3 (QHE3) for different values of mass flow rate of air (ṁAHE3in) are calculated using the equation:
(12) QHE2 = ṁref Cp6 (T8 -T7) (13) ṁAHE3in1and ṁAHE3in2 are optimised from the data generated.
A. Case I: With solar operation
Superheated refrigerant vapour leaves heat exchanger 3 and enters solar heat exchanger as the cold fluid at temperature T8, having mass flow rate ṁref and specific heat capacity Cp7. It leaves solar heat exchanger at temperature T9, having mass flow rate ṁref and specific heat capacity The mass flow rate ṁW of the water entering the solar heat exchanger is optimised from the data generated.
Superheated refrigerant vapour leaves the condenser heat exchanger and enters expander 2 at temperature T9, having mass flow rate ṁrefand specific heat capacity Cp8. It leaves expander 2 at temperature T10, having mass flow rate ṁrefand specific heat capacity Cp9. Knowing the value of the specific heat capacity, Cp8, of the superheated refrigerant vapour at the inlet of expander 1 and taking different values for efficiency of expander 1(ɳE1) T10 and the work done by expander 2 (WE2) is calculated using the equations: ɳE2 = WE2 / QSolar (16) Where; WE2 = ṁref Cp8 (T9 -T10) (17) Superheated refrigerant vapour leaves expander 2 and enters heat exchanger 4 as the hot fluid at temperature T10 and having mass flow rate ṁref and specific heat capacity Cp9. It leaves heat exchanger 4 at temperature T11, having mass flow rate ṁref and specific heat capacity Cp1.The value of Cp1 will change in the transition from startup cycle to operation cycle. Air enters heat exchanger 2 as the cold fluid at temperature TAHE4in, having mass flow rate ṁAHE4in and specific heat capacity CpAIR. It leaves heat exchanger 4 at temperature TAHE4out and having mass flow rate ṁAHE4out (= ṁAHE4in). The values of T10, ṁref, Cp9 and CpAIR are known. TAHE4in is taken as 288.15 K as per standard atmosphere data. Taking the heat exchanger heat loss as 15%, assuming that no makeup is required, T11, TAHE4out and heat available in heat exchanger 4 (QHE4) for different values of mass flow rate of air (ṁAHE4in) are calculated using heat balance equation:
The mass flow rate ṁAHE4in of the air entering heat exchanger 4 is optimised from the data generated. The entire cycle then repeats as long as the system is operating.
B. Case II: Without solar operation:
Superheated refrigerant vapour leaves heat exchanger 3 and enters condenser heat exchanger as the cold fluid. Assuming that no makeup is required, it enters the condenser heat exchanger at temperature T11 that is equal to T8, having mass flow rate ṁref and specific heat capacity Cp1 that is equal to Cp7. The value of Cp1 will change in the transition from startup cycle to operation cycle. The entire cycle then repeats as long as the system is operating.
VI.RESULTS AND DISCUSSION
Increasing the mass flow rate of air in HE2 increases the heat obtained thereby reducing the cooling effect and heating the air more. In operation cycle with solar heater the change in heat obtained and the rise in air temperature for a small increase in mass flow rate of air is much more than that in the operation cycle without solar heater. Fig 4 shows integrating solar heating with operation cycle increases the process heat obtained for industrial purpose. Fig 5 depicts the efficiency of scroll type expander is in the range of 14% to 25%. The expander in case of cycle without solar integration will do more work. In case of solar integration, more heat for industrial process will be obtained. thatwhen solar heating is not implemented, the heat for process obtained from HE 1 will be more in both cycles than that obtained when solar heating is implemented. Moreover, the gain in the heat obtained from HE 1, for process, per unit increase of mass flow rate of air passing through the HE 1, in case of operation cycle, is greater when solar heating is not implemented than when solar heating is implemented. All parametric results are concluded in Table IV . Expander efficiency Fig. 7 shows the expander work obtained and the thermal efficiency will be more in case of startup and operation cycle without solar heating. This is because in case of startup and operation cycle without solar heating, work output is being provided by only one expander and also heat obtained for industrial process is only from one heat exchanger as opposed to the case of startup and operation cycle with solar heating where the work output is being provided by two expanders and the heat obtained for industrial process is only from two heat exchanges with additional heat input to the cycle through the utilization of solar energy.
VII. CONCLUSION
Increasing the mass flow rate of air increases the rate of heat exchange, thereby raising the temperature of the cold refrigerant more rapidly per unit time. This increase the amount of heat rejected by air or Qcooling but has a negative effect on the decrement of the air temperature leading to an increase in the temperature of air at the outlet of HE 2 due to upward shift of the equilibrium point of heat exchange. Important conclusions of proposed analysis mentioned below and parametric results shown in Table IV. 1. For effective cooling of 278.15 K or below, the mass flow rate of air through HE-2 should not exceed 8-10 kg/s. 2. Cycle with solar coupling provides more heat for process. This is nearly two times that of the heat provided for process by the cycle without solar coupling, but the total work achieved in case of solar heating is less than that achieved without solar heating. 3. More power from the expanders is achieved when solar heating is not implemented. This is due to the reason that the heat generated by the solar heater is converted into process heat. Therefore, solar integration is recommended, for the purpose of obtaining more process heat, in summer and for the purpose of power generation in winter. 4. In cooling effect achieved in the operation cycle in both cases, that is, with solar integration and without solar integration, is the same. The same stands true also for the cooling effect achieved in the startup cycle in both cases. 5. The refrigerants specific heat capacity will vary with temperature and pressure. 
